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APPLICATIONS OF DHDECMP EXTRACTION CHROMATOGRAPHY TO
NUCLEAR ANALYTICAL CHEMISTRY

8. F. Marsh and 0, R, Simi. Analytical and Instrumental
Chemistry Croup, lLos Alamos National Laboratory, Los
Alamos, New Mexico, USA

ABSTRACT

Dihexyl-N,N=dicthylcarbamylmethylenephosphonate (DHDECMP)
is a highly selective extractant for actinides and lanthan-
ides., This reagent, extensively studied for processe-scale
operations, also has valuable analvtical applications., Ex=-
traction chromatographic columns of DHDECM?, supported on in-
ert, porous, polymer becads effectively separate most r 2tallic
impurity clements from the retained inner transition elements,
The retaincd elements can be separated into individual frac-
tions of (1) lanthanides, (2) americium, (3) plutonium, and
(4) uranium by mixed-solvent anion exchange,

INTRODUCTION

Highly purce actinides are required in nuclear reactor
fuels and radioisotope power generators, and as targets or
sources in experimental measurements of nuclear constants,
Prior scparation of the sctinide matrix {rom the impurities
improves the accuracy of most analyvtlcal methods for trace
elenents, It is essential to attain the sensitivity limles
of multiclement techniques such as emission spectrography and
inductively=-coupled=plasma (TCP) emlssion spectrometry,

Dihexyl=N,Nedicthylecarbamylmethylenephosphonate (DUDECMP),
0 A
I "

(Cell130) p=P=CHy=C=N=(CaH3s) 2,

is a highly selective extractant for actinides and lantha-
nides.!=? Its potential as an analytical reepent, however,
has been neplected by most prior ifnvestigators, In recont

the organophosphate bidentate



litcrature, only Baker" has reported application of DHDECMP
to analytical-scale separations.

At Los Alamos we routinely use extraction chromatograph-
ic columns of DHDECMP, supported on Chromosorb-102 beads, to
separate most metallic impurity elements from actinide ma-
trices before the impurities are measured 'y emission spec-
trography. Navratil’® reports that 33 elements can be ex-
tracted into DHDECMP from 7M HNM3; with extraction coeffi-
clents of less than unity and therefore can he separated
readily from an actinide matrix. The separation is applicza-
ble to uranium, plutonium, trivalent actinides, or mixed ac-
tinide materials,

SOURCES AND PURIFICATION OF REAGENTS
DHDECMP

Because extraction with DHDECMP is influenced by reagent
purity, the variation in distribution coefficients reported
in the literature is not surprising; it probably is attribut-
able to purity differences in the DHDECMP used by the experi-
menters,

Wateree Chemical Company, Lugoff, SC, supplies DUDECMP
of a nominal 503 purity, Bray 0il Company, Los Angeles,
which offers DHDECMP of ~857 purity, 1is investigating a pro=-
cess that will upgrade the purity te »95%, 71he DHDICMP used
in ocur investigation was produced to “95% purity, on a special
order, by Organometallics, Inc,, East Hampstead, NI,

DIIDECMP may be purified of the corresponding dihexyl
ester of phosphoric acid by acid hydrolvsis, followed by pas-
sage through a column of Amberlite A-26 (hydroxide-form),”

A more couprchensive purlfication, develooed by Schroedur,7
reacts DHDECMP with mercuric nitrate to form a precipitate of
Hg(DHDECMP) 'y,  Mercurv 1s dissociated from this salt by
preferential complexation with basic cyanide, whereupon the
liberated DHDECMP {is cxtracted into hexane and repeatedly
washed f.ec of mercuric cyanide with water, Finally, the
hexane 1is distilled away under reduced pressurc %o yield the
purified DHDECMP,

Chromoxorh-102 Beads

Extraction chromatography combines the benefits of
liquid=-liquld solvent excroction with the advantage of multi-
stage operation, in which components: ha.lng relatively small
differences in distribution coefficieats can be seporated
casily and completely, Extraction chrematography has been



studied at Rockwell Intcrnational, Rocky Flats Plant, as a
plant process for recovering americium,® Of more than 30
support materials evaluated, the Rocky Flats study recommends
Amberlite ¥AD-4, a macroporous nonionic, polystyrene-divinyl-
benzene copolymer, Unfortunately, the only commercially
available XaAD-4 beads are 20 to 50 mesh, a size much too
coarse for use in analytical-scale columns, Our attempt to
convert the XAD-4 beads to an appropriate size by grinding
and sieving contributed unacceptably high levels of metallic
impurities,

However, Chromosorb-102, a macroporous polymer material
similar to Amberlite XAD-4, 1is available in several mesh
sizes, Johns-Manville, Denver, supplied the 120 to 200 mesh
fraction used in our investigation,

Chrrmosorb~102, as received, is insufficiently pure for
use in separating trace metallic impurities for analysis,
The impurities in Chromosorb-102 beads are reduced to accept-
able levels by the following procedure., First, the beads are
soaked overnight in an equal-volume mixture of 6M HCl and
metharol and are scparated from the solution by vacuum filtra-
tion, (Methanol is necessary to wet the hydrophobic beads,)
The soak/filtration cycle is done twice again, The purified
beads arc washed with an equrai-volume mixture of wmethanol and
high-purity water until no HCl odor is discernable., Finally,
the beads are washed with anbivdrous methanol to remove resid-
ual water and are scparated from the solution by vacuum fil-
tration, After being dried to constant weight in a vacuum
desiccator, the beads are ready to be couted,

PREPARATION OF BEADS AND COLUMNS

DHDHECMP=Coated Beads

The purified, dried Chromosorb-102 beads are ¢~ ited with
DHDECMP by the following proredure, First, 33 g of ~95% pure
DHDECMP is welghed into a clean 400-ml beaker, diluted to
~120 ml with pure hexane, and mixed thoroughly, Then 50 g
of beads are added slowly and in small increments, Suffi-
cient time must be allowed for cach increment of beads to he=
come saturated with liquid before adding more. Next, the
hexance is evaporated from the immersed beads, first in air
and then under vacuum, to a final weight of 83 g, The
DHDECMP~coated beads should have the appearance and pouring
characteristics of a drv powder.

Chromatographic Columns

The chromatographic columns are prepared Ly the follow-
ing srocedure., The hemispherical “op of a 3-ml polycthylene



dropper (Cole-Parmer No. C-6226-02 or equivalent) is removed
so that the dropper becomes a 6-x 100~-mm column with a reser-
voir, A small portion of quartz wool is inserted in the tip
of the column to support the coated beads. Next, 1,5 g of the
DHDECMP-coated beads are transferred to the column and the
side of the column is tapped until the bead level settles to
~6 mm below the reservoir, Anrcher portion of quartz wool is
inserted in the column above the bead bed.

Alr 1s displaced from the bead bed by gently backfilling
the column with water from a disposable, plastic hypodermic
syringe connected to the column by flexible 1/8-in, i.d. tub~
ing. When the entire bead bed and upper quartz wool plug
have been wet (without dislodging the beads), the syringe is
disconnected,

The filled column is pretreated by washing it sequen-
tially with 6 ml of distilled water, 6 ml of 0.1} HNO3, and
6 ml of 5.5M HNO3. The column now is ready for use,

EXPERIMENTAL

The extractability of various ions by DHDECMP is highly
dependent on the aqueous acid medium {rom which they are ex-
tracted, Uranjum is extracted preferentially frem hydrochle-
ric acid over a wide concen- LS A B R A
tration range (rig. 1); how-
ever, the relatively high sol-
ubility of DHDECMP in this
acid precludes its uvse as the
extractant in chromatographic ico0
columns., In extractions from
percliloric acid (rig. 2), the
distribution cocfficients of
all actinides and lanthanides
exceed 500 over the range of .
0,1-8M HClOy; however, many Fe (1)
other clements also are highly
extracted,

In most reported investi-
gations using JUDECMP, extrace
tions have beor from nitric
acid. The solubfillty of
DHDECMP In this acid 1s only
0.4 g/liter,® a value suffi-
ciently low to be compatible
with extraction hromatography.

N e s e s st s

Figure 1, Extraction from

Our extraction data from HCLl into DHDECMP
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Figure 2. Fxtraction from Figure 2. Extraction from
HCl0O. into DLDLC:P HNO; into DHDECMP

nirric acid (I'ig. 3) show Pu(IV) > U(VI) > Am(III) = Eu(III),
with all distribution cocffizieuts being >100 over the range
of 4-8M lINN0,. Iron is ex_racted only weakly below 6M HNO,,
Because nitric acid offeras high selectivity for actinides and
lanthanides, and low solubility of DHDICMP?, we selected it for
the initial scparation cf most other clements,

Figure 4 shows the clements rectained and thore eluted in
5.5M HNO3 from DUDEC!P chrematographic columns, prepared as
described previously, A few clements were ouly partially
extracted; these elements might be either completely ex-
tracted or completely cetiined in a somewhat different concen-
tration of nitric acid. The retained clecments then are eluted
with hvdrochloric acid plnus hydrofluoric acid (or recovery
(Figure 5) or additional chemical separations (Iigure 6).

PROCEDURES FOR CHEMICAL SEPARATION

A. Separation of Tmpurities fron Actinides (and lanthanides)

1. Preparc an cxtraction chromatographic column of DHDECMP=-
coated beads as deacribed ecarlier,

2. Place an appropriate recuiver under the column, and trans-
fer to the column ~I ml or 5,58 HIND3 containing not more
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Figure 4,

Distribution of Elements ou DHDECMP

Extraction Chromatographic Column from 5.5M HNO;

DISSOLVED ACTINIDE (LANTHANIDL) SAMPLE
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Figure 5., Outline of DHDECMP

Extraction Chromatographic
Column Separation

than 15 mg of the dissolved
actinide(s). Allow the
solution to drain complete-
ly.
3. Complete the sample trans-
fer to the column by rins-
ing the samplec container
twice using a 1-ml portion
of 5.5M IINO; each ti-e,
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Exchange Column Separation

Pass anothier 9 ml of 5,5M HNO3 through the column to com-

plete the elution of impurity elements.,

Elute the sorbed actinides (an' lanthanides) into a



suitable container for recovery or additional separation with
12 ml of 0.3 HC1-0.01M HF,

B, Separation of Individual Actinides from the Lanthanide
Sroup

The separation of individual actinides is based on anion
exchange., The procedure uses the hydrochloric acid-acetone
medium reported by Orlandini® to separate lanthanides from
trivalent actinides and the aqueous hydrochloric acid system
used at Los Alamos for routine separations of americium, plu-
tonium, and uranium.}®

1. Add 5 drops of 6M HC1l0. to the column eluate {from Step
A.5) and evaporate the solution to dryness,

2. Prepare a fresh 25 volX 12M HCl-acetone mixture.

3. Precpare a fresh 60 volZ 12M HCl-acetone mixture, Keep
both mixtures capped to minimize acetone evaporatior,

4, Prepare a A~ x 60-mm ion exchange column from a 1,6-ml
polyethylenc dropper (Cole-Parmer No, C-6096-00 or equiva-~
lent) by removing the uppermost layer of plastic to form
an open reservoir and column, Tnsert a small porcion cf
quartz wool in the tip to support the resin.

5, Add to the cclumn a slurry consisting of Bio-Rad AGMP-1,
macraopcrous, 50 to 100 mesh, anion exchange resin (or
equivalent) in the 25% liCl-acetone solution. Continue
adding slurry until the settled resin height is just be-
low the reservolir,

6. Prctreat the anion exchange resin by passing 5 -1 of 25%
HCl-acetone through the column, (Cover the column with
an invertcd beuker to minimize evaporation.)

7. Place an appropriate receiver for the lanthanide fraction
under the colunmn,

8, Dissolve the driced residuc (from Step B.1l) with a l-ml
portion of 257 lCl-acetune and transfer to the columr,
Allow this solution to drain completely, then rinse the
reaidue container twice with l-ml portions of 25% HCl-
acutone and transfer ecach portion to the wolumn,

9, Complete the eclution of the lanthanide fraction by pass-
ing another 15 ml of 25% llCl-acetonc through the column,

10, Place an appropriate recelver for the americium fraction



under the column,

11, Elute the americium with 4 ml of 60% HCl-acetone, fol-
lowed by 8 ml of aqueous 12} HC1l, (The 60% HCl-acetone
provides an intermediate step in the transition from 25%
HCl-acetone to aqueous 12M HCl; without it gas bubbles
form and plug the resin column,)

12, Place an appropriate receiver for the plutonium fraction
under the column.

13, Elute the plutonium with 4 ml of 12M HC1-0.1M HI, Allow
10 minutes for complete reduction of plutonium to Pu(III)
by iodide, Then elute the remaining plutonium with an-
other 6 ml of 12M HCl-0.1M HI.

14, Place an appropriate receiver for the uranium fraction
under the column,

15. Elute the uranium from the column with 8 ml of 0.1M HCL,
ADDENDUM

As this paper was being written, we received a sample of
Lewatit E803/81, a proprietary extractant resin containing Los
Alamos-supplied DHDECMP, The resin, provided by Mobay Chemi-
cal Corporation, Pittsburgh, Pa., was prepared for our evalua-~
tion by Bayer AG, a German affiliate, The extractant resin
beads range in size from 25 to 140 mesh, with most in the 60
to 7C mesh range, Because the extractant is incorporated in-
to the beads as they are polymerized, the DIDECMP load is
quite high, 310 g/liter of resin, Based on cur preliminary
evaluation, a €é~- x 100-mm column of either Chromosorb or
Lewatit resin retains >99,99% of 15 mg of americium. The
Lewatit resin has the higher capacity, because its DHDECMP
load is about 1,5 times that of the Chromosorb, However, its
larger bead size makes the Lewatit resin somewhat less suit-
able for analytical-scale colunns,
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